Forbidden neon emission from jets of low-mass young stars can be used to probe the underlying highenergy processes in these systems. We analyze spectra of the jet of DG Tau obtained with the Very Large Telescope/X-Shooter spectrograph in 2010. [Ne iii] λ3869 is clearly detected in the innermost 3 ′′ microjet and the outer knot located at ∼ 6. ′′ 5. The velocity structure of the inner microjet can be decomposed into the low-velocity component (LVC) at ∼ −70 km s −1 and the high-velocity component (HVC) at ∼ −180 km s −1 . Based on the observed [Ne iii] flux and its spatial extent, we suggest the origins of the [Ne iii] emission regions and their relation with known X-ray sources along the jet. The flares from the hard X-ray source close to the star may be the main ionization source of the innermost microjet. The fainter soft X-ray source at 0.
1. INTRODUCTION Observations of kinematic structures and physical conditions of jets and winds from young stellar objects (YSOs) help to clarify how outflows regulate the formation of young stars. Spectroscopic studies of forbidden optical emission lines from classical T Tauri stars (TTSs) provide diagnostics of both kinematic and physical properties of the jets and their driving region (Reipurth & Bally 2001) . Spatially resolved spectroscopy (Bacciotti et al. 2000; Coffey et al. 2008 ) of low-excitation, high-abundance line species such as [O i] , [S ii] , and [N ii] has been used to deduce physical conditions and kinematic properties along the jet.
Forbidden lines of singly and doubly ionized neon provide useful diagnostics of the physical conditions around the young stars (Glassgold et al. 2007; Hollenbach & Gorti 2009 ) because of the high ionization potentials of neon.
The 12.81µm [Ne ii] fine-structure line has been detected toward low-mass YSOs associated with X-ray/ultraviolet photoevaporating disks (Pascucci & Sterzik 2009) , and in the terminal knots of jets and outflows from low-mass protostars (van Boekel et al. 2009 ). Photoionization by keV X-ray photons may be an important source of [Ne ii] excitation in disk atmospheres (Glassgold et al. 2007 ) and in jets and outflows (Shang et al. 2010) . With a large critical density (n cr ∼ 10 7 cm −3 at T ∼ 10 4 K), the optical forbidden [Ne iii] λ3869Å transition has been used as a marker for high-energy photons or for strong shocks in studies of high-mass star formation and active galactic nuclei. Among the low-mass YSOs, detections of [Ne iii] λ3869 close to the central star have been reported recently (on the scale of arcseconds), mainly associated with their jets (Liu et al. 2014; Whelan et al. 2014) .
DG Tau, located in the Taurus-Auriga molecular cloud at a distance of ∼140 pc (Kenyon et al. 1994; Torres et al. 2007) , is an actively accreting extreme T Tauri star with a spectrum consistent with a heavily veiled ∼K7 star (Herczeg & Hillenbrand 2014) .
The flat spectral energy distribution in the near-to mid-infrared (Kenyon & Hartmann 1995; Hartmann et al. 2005) suggests that DG Tau may represent a transition stage between the Class I and Class II YSOs. The high optical veiling prevents an accu-rate determination of the extinction (Hartigan et al. 1995; Gullbring et al. 1998; White & Hillenbrand 2004; Herczeg & Hillenbrand 2014) . From modeling ultraviolet to optical continuum, Gullbring et al. (2000) estimated a mass accretion rate ofṀ acc ∼ 5×10 −7 M ⊙ yr −1 with a moderate extinction of A V ≈ 1.6 (a value independently obtained through spectral typing by Herczeg & Hillenbrand 2014 ). The bright [O i] and [S ii] emission is consistent with a strong outflow (Hartigan et al. 1995; White & Hillenbrand 2004) ; using A V ≈ 1.6, a mass-loss rateṀ w 1 × 10 −7 M ⊙ yr −1 was deduced using the [O i] flux obtained by Hartigan et al. (1995) .
DG Tau drives an optically visible jet at a position angle of ∼ 226
• . Optical spectra have revealed it to be blueshifted (Solf & Böhm 1993) . From the proper motion of the knots 5 ′′ -10 ′′ from the star, an inclination angle of 37.
• 7 ± 2 • with respect to the line of sight has been inferred (Eislöffel & Mundt 1998) . The inner 5
′′ of the jet has been mapped using broad-band optical imaging with the Hubble Space Telescope (HST) (Stapelfeldt et al. 1997 ) and using adaptive optics (AO)-aided narrow-band imaging from the Canada-France-Hawai'i Telescope (CFHT) . Both images showed a jet-like structure within 2 ′′ of the source, and an emission peak at around 4 ′′ that resembles a bow shock. Using CFHT integral-field spectroscopy to investigate the kinematics at spatial scales smaller than 5 ′′ , Lavalley-Fouquet et al. (2000) showed that the jet-like feature reaches its highest velocity of ∼ −350 km s −1 at ∼ 1. ′′ 3 and drops to ∼ −280 km s −1 afterwards, before approaching ∼ −260 km s −1 at the 4 ′′ bow shock. Lower-velocity material ( −100 km s −1 ) appears to have a larger transverse spatial extent and is concentrated closer to the star. The two distinct kinematic features and their spatial and morphological differences have been further traced to within 2 ′′ with HST/Space Telescope Imaging Spectrograph (STIS) in optical forbidden lines (Bacciotti et al. 2000 and with the Subaru Telescope in the nearinfrared 1.644µm [Fe ii] line (Pyo et al. 2003) .
The region of the innermost few arcseconds of the jet, often dubbed the "microjet" (Solf 1997) , reveals information close to the jet-driving source. HST/STIS spectra provide an opportunity to probe the kinematics of the DG Tau microjet at ∼ 0.
′′ 1 spatial resolution. Bacciotti et al. (2000) constructed channel maps of Hα and optical forbidden emission lines from these spectra. They binned spectra with velocities between +70 and −420 km s −1 into four distinct velocity channels of approximately 125 km s −1 width. The channels were designated as low-, medium-, high-, and very-highvelocity, respectively, indicating increasingly blueshifted radial velocities. Within 0.
′′ 7 of the star, the outflow has the form of a collimated jet. This is most evident in the high-velocity channel. A bubble-like feature, most evident at intermediate velocities, is seen between 0.
′′ 4 and 1.
′′ 5 from the star. Maurri et al. (2014) inferred physical conditions such as temperature and density along and across the jet from line ratios. The blueshifted jet was found to have a high density of n H ∼ 3 × 10 6 cm −3 and low electron fraction x e ∼ 0.03 and to reach an order-ofmagnitude lower density and a high electron fraction of 0.7 at ∼ 0.
′′ 7 and around 2 ′′ from the jet source. On the other hand, the physical conditions were found to alter little across the jet. This spatial variations in physical conditions were interpreted as arising from ionization with shocks weaker than ∼ 100 km s −1 . DG Tau is an active and bright X-ray source. It is the first known low-mass YSO to show spatially resolved X-ray emission along the jet axis, extending up to 5 ′′ from the star (Güdel et al. 2005 (Güdel et al. , 2008 . The extended X-rays have a luminosity of ∼ 10 28 erg s −1 and plasma temperature of ∼ 3 MK (Güdel et al. 2008) . It exhibits a proper motion of ∼ 0.
′′ 3 yr −1 , similar to other optical and infrared knots, leading to its identification as an "X-ray jet" (Güdel et al. 2012; Rodríguez et al. 2012) . The on-source X-ray emission consists of a hard, flaring component with L X ∼ 10 30 erg s −1 and T X ∼ 30 MK and a soft, steadier component with L X and T X roughly an order of magnitude lower than those of the hard component (Güdel et al. 2008) . Multi-year Chandra observations show that the hard component is located at the stellar position and the soft component is offset along the optical jet axis by 0.
′′ 2 (Schneider & Schmitt 2008) . The flaring hard component is attributed to the coronal emission common to YSOs; its inferred column density of N H ∼ 2-3×10 22 cm −2 (corresponding to
21 ≈ 10-15, Vuong et al. 2003 ) is much higher than the value (A V ≈ 1.6 or N H ≈ 3×10 21 cm −2 ) obtained from optical-to-infrared photometry. The soft near-source component has a spectrum similar to that of the extended X-ray jet and a lower column density N H ∼ 1.1 × 10 21 cm −2 , corresponding to A V ≈ 0.55 (Güdel et al. 2008 (Güdel et al. , 2012 . It may be associated with an inner part of the jet. Spatially resolved HST spectra in the far-ultraviolet (FUV) C iv doublet show the visual proximity between the C iv emission and the offsource soft X-ray component. This spatial correlation may suggest local heating up to 10 5 K along the path of propagation of the jet (Schneider et al. 2013a,b) . Understanding the roles of these multiple X-ray components associated with the jet can help to elucidate the ionization and excitation of the jet upon launching and during propagation.
In this paper, we present spatially resolved spectroscopy of DG Tau's jet observed with HST/STIS in 1999 and VLT/X-Shooter in 2010. In both spectra we identify double velocity components from the observed line profiles. In the X-Shooter spectra, [Ne iii] λ3869 traces the jet up to 8
′′ from the star, with double velocity components within the inner 3 ′′ . In Section 2, we present the observations and analysis of the two data sets. In Section 3, we describe the properties of the decomposed spectra, and the properties of the [Ne iii] jet. Possible origins of the [Ne iii] emission in the DG Tau jet is discussed in Section 4 and the evolution of the velocity components during the two observation epochs are discussed in Section 5. We summarize our findings in Section 6.
OBSERVATIONS AND ANALYSIS 2.1. HST/STIS Archival Data Analysis
We downloaded pipeline-processed DG Tau spectra of the HST Cycle 7 observations from the Mikulski Archive for Space Telescopes (MAST). The observations were taken on 1999 January 14 (GO 7311, PI: R. Mundt) with the STIS. The observational settings have been described by Bacciotti et al. (2000) and Maurri et al. (2014) , so we summarize only the essential properties here. The 52 × 0.1 slit and G750M grating centered at 6581Å were used to cover six bright optical forbidden emission lines and Hα. Seven slit positions parallel to the axis of the DG Tau jet (P.A.= 226
• ) were observed, each offset by 0.
′′ 07 in the transverse direction to cover a total span of 0.
′′ 52 across the jet. Each exposure yielded a two-dimensional spectral image covering 52
′′ 05 pixel −1 or ∼ 0. ′′ 1 FWHM) perpendicular to the jet, and 6295-6867Å along the dispersion axis (0.554Å pixel −1 , corresponding to ∼ 25 km s −1 ), with a velocity resolution of ∼ 65 km s −1 . The pipeline-processed spectra from MAST suffice for data analysis. Hot pixels were present primarily in the line-free regions. Bad pixels that affect a few rows of the spectra between 1 ′′ and 2 ′′ were flagged by inspection. Further reductions primarily consisted of removing the stellar continuum and the contribution from the reflecting nebula. Each spectral image was first divided into three sub-images containing lines of [O i], Hα+[N ii], and [S ii], respectively. On each sub-image, the rows containing the blueshifted jet extending up to 2 ′′ from the star were examined to remove the semi-periodic baseline undulations resulting from wavelength rectification of the undersampled star. To each row, we fit and subtract the baseline with a Legendre polynomial up to the tenth order, depending on the distance to the star. The tasks were performed within IRAF/STSDAS GFIT1D using the amoeba χ 2 minimization. We extracted position-velocity (PV) diagrams for [O i] λλ6300/6363, [N ii] λλ6548/6583, and [S ii] λλ6717/6731. We converted wavelengths to radial velocities, assuming the systemic velocity of DG Tau to be +16.5 km s −1 (Bacciotti et al. 2000) . PV diagrams were extracted from each of the seven slit positions, and also from transversely averaged spectral images to cover the emission across the jet and raise the signal-to-noise ratio. PV diagrams of the jet up to −500 km s −1 can be extracted, except for [O i] λ6300, which is cut off at ∼ −230 km s −1 by the end of the detector. We therefore used [O i] λ6363 for kinematic studies of the [O i] emission whenever applicable. Figure 1 shows the baselinesubtracted PV diagrams for the innermost 2 ′′ of the jet, averaged over the seven slits across 0.
′′ 52 perpendicular to the jet axis.
are shown.
Astrophysical emission lines are generally not Gaussian, but, where appropriate, single Gaussian fits do provide robust estimates of the bulk velocity (the line centroid) and the line broadening. Visual inspection of the PV diagrams shows that single Gaussians often do not suffice to describe the observed line profiles, so we decomposed the spectra into different velocity components by fitting two independent Gaussian profiles every 0.
′′ 05. These line profiles can appear double-peaked, flat-topped, or skewed, depending on the relative fluxes of gases at different velocities. This can be visualized through the V-shaped isocontours in the PV diagrams for the innermost 1 ′′ of the jet (Figure 1 ), which is suggestive of double velocity components. Indeed, it has long been known that double velocity components exist in the DG Tau jet (Solf & Böhm 1993; Pyo et al. 2003) . While the fitting and the decomposition are a mathematical exercise, the component centroids and widths constrain the true physical velocity distributions of the gas. Where two distinct Gaussian components are mathematically required, we interpret the two components as distinct regions at different bulk velocities. The variations of these principal velocity components with position along the jet can be either continuous or abrupt depending on the propagation history of the jet. The relative fluxes of these principal velocity components may also change along the flow. These variations provide insights into the ejection history and possible variations of properties close to the jet launching region.
We used the IRAF/STSDAS NGAUSSFIT task to interactively give initial guesses for the Gaussian parameters and then recursively minimized χ 2 with the amoeba algorithm. The concept of velocity decomposition and the resulting decomposed PV diagrams of the DG Tau microjet within 0. ′′ 3 to show the representative decompositions using two-Gaussian fitting.
VLT/X-Shooter Optical Spectra
New long-slit spectra of DG Tau and its jets were obtained with the X-Shooter spectrograph on the Very Large Telescope (VLT) on 2010 January 19 (084.C-1095(A), PI: G. Herczeg). A spatial coverage of 21 ′′ was obtained by using an 11 ′′ long slit in the nodding mode with two nodding positions separated by 10 ′′ at the position angle of 227
• , roughly along the jet axis. An ABBA nodding pattern was used. The three spectral arms simultaneously cover the UVB (300-550 nm), VIS (550-1000 nm), and NIR (1000-2500 nm) ranges, with pixel scales of 0.
′′ 2 pixel −1 in the spatial direction and 0.02 nm pixel −1 in the dispersion direction (∼ 15, 8, and 4 km s −1 for the three arms, respectively). Exposure times for each nodding position were 240, 250, and 15 s for the three arms, respectively. Slit widths of 1.
′′ 3, 1. ′′ 2, and 1. ′′ 2 were used for the three arms, respectively, resulting in a spectral resolution of R ∼ 5000 (∆v ∼ 60 km s −1 ). The seeing was ∼ 1 ′′ throughout the observation and within the observed spectral range.
We confine our reduction and analysis to the UVB and VIS arms. The spectra were reduced with the XShooter pipeline version 2.4.0 using the EsoRex version 3.10.2. The reduction cascade of the stare mode was adopted instead of the nodding mode, since both nodding positions were used as the source frame. In the pipeline, bias and dark subtraction, flat-fielding, wavelength calibration, sky subtraction, and flux calibration were performed and two-dimensional spectra were obtained after concatenating adjacent orders. Two exposures of the same nodding positions were combined during the reduction cascade, and the combined data of the two nodding positions were connected by matching the spectrally summed spatial profiles along the jet axis. The resulting spectra contain the first ∼ 14.
′′ 2 of the blueshifted jet and ∼ 6.
′′ 8 of the redshifted counterjet. Median filters were used to remove the remaining hot and bad pixels to produce the final flux-calibrated and sky-subtracted two-dimensional spectral images. Figure  3 shows the reduced one-dimensional spectrum of DG Tau and its microjet, extracted within ±3 ′′ of the jet axis. Li i λ6707 is detected at 6708.8Å, at a velocity shift of +43.1 km s −1 , which we adopted as the systemic velocity offset for this data set.
To extract line properties, we removed the continuum emission in the spectra by fitting the line-free regions with polynomials. The combined spectra were first divided into segments of spectral ranges. Most of the segments follow spectral orders, except for the regions between 700-800 nm and between 900-1000 nm in the VIS arm, in which two orders were combined to cover telluric absorption features. In each segment, line-free regions were selected by consecutive moving median filters of increasing box sizes and fine-tuned by cross-checking with the emission line database and by inspection. The fitting and subtraction were performed at each row along the slit; the order of the polynomial was varied from 3 to 7 depending on the emission features in the individual row.
PV diagrams were created from the continuumsubtracted two-dimensional spectra. Two-Gaussian velocity decomposition was performed as described in Section 2.1. Selected PV diagrams of emission lines from the UVB and VIS arms are shown in Figures 4 and 5, respectively. The fitted velocity centroids are overlaid on the PV diagrams and are further described in Section 3.2. Three kinematic regions are evident within the innermost 2 ′′ . The first region, from the star out to ∼ 0. ′′ 7, is characterized by a smooth change in velocity centroids. This we regarded as the innermost undisturbed microjet. The second region starts from ∼ 0.
′′ 7, where a velocity discontinuity is seen in both the HVC and LVC. ′′ 2 further out in [S ii]. For all the lines, the emission peaks at ∼ 1.
′′ 35 with a velocity centroid of ∼ −360 km s −1 and then becomes fainter and less ordered downstream. This region coincides with A1 (Bacciotti et al. 2000; Maurri et al. 2014) . ′′ of the star, obtained from the Gaussian decomposition analysis. For each region, the median value and standard deviation from within the spatial extent of the region are shown. Figure 2 shows the velocity decompositions of the transversely averaged PV diagrams of the jet. The innermost 0.
′′ 7 region is shown, corresponding to the undisturbed innermost microjet. In the left panels we show PV diagrams of the decomposed velocity components as two sets of contours: the dark and light contours represent the HVC and the LVC, respectively. The HVC is defined as the remainder after subtracting the LVC Gaussian fits from the spatial profile, and vice versa. In the right panels we show the actual line profiles and their fits at the representative position of 0.
′′ 3 to both illustrate the concept of velocity decomposition and show the differences between the profiles of the three lines.
The overall line profiles of the three species differ from each other, as shown in the representative line profiles in the right panels of Figure 2 . The [O i] LVC dominates close to the star and the profiles appear flat-topped. The HVC becomes discernable beyond 0.
′′ 2 and forms a second peak blended with the LVC peak. Although blended, the peaks are typically separated by ∼ 100 km s −1 , which is larger than the velocity resolution of ∼ 65 km s −1 . The [S ii] LVC is always stronger than its HVC, and the line shape is typically a clean LVC peak at ∼ −60 km s −1 with a blue "shoulder" that extends from ∼ −140 km s −1 to ∼ −300 km s −1 and skews the overall profile. In [N ii] the dominant emission is from the HVC, but the LVC can be identified as a weak but distinct peak beyond 0.
′′ 2 from the star. In all three line species, two-Gaussian fitting would be necessary to fully describe the line profiles.
The velocity structures along the jet differ among the three line species. Overall, the velocity centroids gradually become bluer as the distance increases from the star. Hartigan et al. (1995) . For all three line species the line widths of the LVCs are narrower than those of the HVCs, ranging from ∼ 70 km s
The line profiles of the LVCs appear symmetric about the velocity centroids.
Kinematics of the Microjet from VLT/X-Shooter Spectra
The 2010 VLT/X-Shooter spectra provide a larger field of view along the blueshifted jet. This data set provides an examination of ejection history after the 1999 HST/STIS observation. The evolution of the microjet and the high-velocity bow-shaped knot can be seen in the VLT/X-Shooter spectra. In order to match the features between the two observations, we assume a mean proper motion of ∼ 0.
′′ 28 yr −1 for the knots in the blueshifted jet (Rodríguez et al. 2012) . During the 11 years between the taking of the HST/STIS and the VLT/X-Shooter spectra any cohesive features will have moved outward by ∼ 3 ′′ . In the following discussions we apply this offset in attempting to align features seen in the spectra and images.
Figures 4 and 5 show the continuum-subtracted PV diagrams of bright optical lines of the jet up to ∼ 14.
′′ 2 from the star. Three distinct emission regions can be identified from the PV diagrams. (1) The strongest peak occurs within ∼ 0.
′′ 5 of the stellar position. The emission traces the flow with a trend of increasing speed and decreasing line intensity up to a local minimum at ∼ 4 ′′ from the star. This coincides with the region interior to knot k3 (Rodríguez et al. 2012) found in the [Fe ii] wind (Takami et al. 2002; Pyo et al. 2003) observed in 2001 to 2002, and may also correspond to the innermost 1 ′′ region of the 1999 STIS spectra White et al. 2014) . We identify the first emission peak and the extension as the "star + microjet" region. (2) The second region peaks at ∼ 6.
′′ 5 and may be identified with the bow-shaped knot observed at 3.
′′ 6 in 1998 (Lavalley-Fouquet et al. 2000) , denoted as knot B by Eislöffel & Mundt (1998) . The knot A (or knot k2 in Rodríguez et al. 2012 ) identified at 0.
′′ 93 in 1998 (Lavalley-Fouquet et al. 2000 ) and 1.
′′ 3 in 1999 appears to have dissipated by 2009. It may have contributed to the velocity maximum observed at ∼ 5.
′′ 5. We denote this region as "knot A+B." (3) The third region, peaked at ∼ 13.
′′ 2, is truncated by the edge of the detector. We identify this region as "knot C."
Overall, the kinematic features of emission lines of the different species are similar, with slight differences in the shapes and widths of the lines. In the "star + microjet" region, all species have broad line profiles that show either double emission peaks or a prominent peak blended with a weaker "shoulder. The LVC is confined to within ∼ 3 ′′ of the star and is less extended than the HVC. For all species, the LVC appears stronger than the HVC within the innermost 1 ′′ . ′′ . At knot C, the jet has a steady velocity of ∼ −200 km s −1 . Table 2 summarizes the kinematic properties of several forbidden emission lines obtained from Gaussian decomposition of the 2010 VLT/X-Shooter spectra.
The X-Shooter spectra show that most of the permitted line profiles are centered at the position and systemic velocity of DG Tau. Permitted lines that may be related to accretion flow, such as H i, He i, and Ca ii, are broad, extending up to ±450 km s −1 . For some of the lines, such as H i Balmer series (Hα to Hζ), Ca ii H and K, and He i (specifically λ5876 and λ7065), profiles are asym- metric with an extension to the blue. These lines also show spatially resolved emission from knot A+B, where the kinematic structures are consistent with forbidden lines that trace the jet emission. Figure 6 shows the kinematic properties of the velocity-decomposed [Ne iii] λ3869 emission as PV diagrams, spatial profiles, and line profiles at specific spa- Table 3 . locity components at −180 and −70 km s −1 . However, because of its higher ionization potential and higher critical density, the emission is restricted to the innermost 3 ′′ microjet and the 7 ′′ knot. The presence of [Ne ii] and [Ne iii] emission from the jet may require that high-energy photons be present either at the launching site or during the propagation of the jet. Doubly ionized neon arises from either ionization of valence electrons, which requires a total energy of 62.5 eV, or the photoionization of K-shell electrons, which requires a photon energy >0.903 keV. In the lowmass circumstellar environment, valence electrons may be ionized by extreme ultraviolet (EUV) photons or by collisions in shocks with shock speeds higher than 100 km s −1 (Hartigan et al. 1987; Hollenbach & Gorti 2009 ). K-shell photoionization must occur close to the star (Glassgold et al. 2007 ), a copious source of keV Xrays.
Properties of the [Ne iii] λ3869 Velocity Components
As described in Section 1, the X-ray source DG Tau is bright, spatially extended, and consists of at least three distinct components. The strongest component, located at the nominal stellar position, is likely ther- mal emission from hot (∼20-30 MK) coronal gas confined in magnetic loops (Güdel et al. 2008) . The soft extended X-ray emission is concentrated ∼ 5.
′′ 5 from the star. Its proper motion of 0.
′′ 28 yr −1 suggests association with non-standing shocks in the jet (Güdel et al. 2012; Rodríguez et al. 2012) . The third component, the soft source 0.
′′ 2 from the star, exhibited no significant proper motion over a 2 yr period from 2004 to 2006 (Schneider & Schmitt 2008) . The emission could be produced by ∼ 450 km s −1 shocks in the innermost dense jet (Günther et al. 2009 ), colliding stellar and magnetocentrifugal winds (from the inner disk; Günther et al. 2014) , or reconnections of magnetic fields threading the jet (Schneider et al. 2013b) .
The first known [Ne iii] microjets from low-mass YSOs were discovered toward Sz 102 (Liu et al. 2014 ). The nearly edge-on orientation of the Sz 102 system presents a different geometry for comparison with the jet of DG Tau. In Sz 102 the [Ne iii] λ3869 emission appears unresolved within ∼ 200 au in the ground-based VLT/Uves spectra and shows a broad line profile with "excess" emission across the systemic velocity. This suggests that the jet originates from a wide-angle wind close to the star. The neon may be ionized by large hard X-ray flares generated by reconnection events from field lines twisted by star-disk interactions within the regions encompassed by the wide-angle wind and may then be carried out through the wind flow. Further monitoring of the system would be required to test the postulation since virtually nothing is known about hard X-ray flares or temporal variability of the [Ne iii] line in Sz 102.
For DG Tau, we discuss the origins of its [Ne iii] jet in the following subsections. In summary, we suggest that the neon ionization in the innermost microjet may be largely attributed to the photoionization by a series of flares from a bright hard X-ray source and the slow recombination of the innermost hot jet heated through either jet shocks, recollimated stellar wind shocks, or magnetic reconnection. A contribution from shock ionization in the jet is still possible, though the fraction of shock dissipation must be small in order to be consistent with the inferred soft X-ray luminosity. The detection of the outer [Ne iii] knot would favor strong shock ionization in the jet, which may also account for the soft X-ray extension along the jet axis.
Ionization of the Inner 3
′′ Microjet: Shocks and Soft X-rays?
Shocks can be an efficient ionization source for neon when the postshock temperature reaches the order of megakelvin, above which collisional ionization is important. At several megakelvin, thermal gas emits mainly in soft X-rays which peak at < 1 keV. To reproduce the spectral energy distribution of the 0.
′′ 2 soft X-ray component at ∼ 2 MK requires a shock speed v s ≈ 480 km s −1 , gas temperature of ∼ 0.3 keV, and volume emission measure of ∼ 10 52 cm −3 (Günther et al. 2009 ). To satisfy these constraints, the cooling length and cross section of the modeled shock must both be of the order of au, with the mass flux through the shock of the order of 10 −11 -10 −10 M ⊙ yr −1 (Günther et al. 2009 ). The ratio between the mass flux in the shock and the total mass-loss rate of DG Tau (∼ 10 −7 M ⊙ yr −1 ), ∼ 10 −4 -10 −3 , may be regarded as the fraction of shock dissipation f sh as in Hollenbach & Gorti (2009) . One can compare the theoretical and observed [Ne ii] 12.81µm flux using Equation (33) of Hollenbach & Gorti (2009) . Putting n 0 ≈ 10 5 cm −3 , v s ≈ 480 km s −1 , and f sh ≈ 10 −3 , the predicted luminosity is 10 −6 L ⊙ , two orders of magnitude fainter than the observed Spitzer value (∼ 2 × 10 −4 L ⊙ , Güdel et al. 2010) . Although the Spitzer observation is spatially unresolved, the expected contribution from the disk atmosphere would be at the level of ∼ 10% (Güdel et al. 2010) . The bulk of the [Ne ii] 12.81µm flux must arise via a different mechanism.
Pure shock models, whether planar shocks or bow shocks, make predictions of line ratios (e.g., Hartigan et al. 1987 ) that can be compared with our data. The main adjustable parameters are the shock velocities and preshock densities. High-ionization forbidden lines, such as [Ne iii] λ3869 and [O iii] λ5007, and UV permitted lines, such as C iv λ1550, appear only when shock velocities exceed ∼ 100 km s −1 . For forbidden emission lines, the relative intensities increase as shock velocity increases, until collisional de-excitation becomes important at velocities higher than ∼ 300 km s −1 . For example, as shock velocities increase from 100 to 300 km s Ne iii]/Hβ, occurs more readily in the mild shock condition when the shock speed is lower than ∼ 100 km s −1 . However, this would be inconsistent with the assumption that the soft X-rays are produced by strong shocks in the jet. Discrepancies from the crude comparison of line ratios can be due to the different spatial coverages of the line species that cannot to be resolved from spatially summed spectra. Spatially resolved spectra and a shock model detailing the geometry are needed to account for possible spatial variations of the flux ratios.
An alternative explanation for the 0. ′′ 2 stationary Xray source is the collimation shock where the tenuous stellar wind collides with the inner boundaries of the magnetocentrifugal winds emerging from the inner region of the circumstellar disk (Günther et al. 2014) . A soft X-ray source produced by this stationary shock lies outside the jet and can irradiate it. The X-ray ionization rate of doubly ionized neon depends on the X-ray luminosity and the branching ratio of the production rate from neutral to doubly ionized neon. These soft Xrays are an order of magnitude fainter than the harder coronal X-rays (Güdel et al. 2008 ). The branching ratio required for the soft X-ray to doubly ionize neon is ∼ 0.1, much smaller than ∼ 0.94, that for the hard Xray (Glassgold et al. 2007 ). Therefore, even if the soft X-ray irradiation contributes to neon ionization, in this scenario the expected ionization rate will be more than an order magnitude smaller than that provided through harder coronal X-ray irradiation.
′′ Microjet: Hard X-Rays and Flares?
The keV photons from the harder coronal X-ray source coincident with the star (Güdel et al. 2008; Schneider & Schmitt 2008 ) provide a more efficient source for ionizing the neon. The large ionization flux from hard X-rays can produce a large fraction of electrons. The large wind mass-loss rate of DG Tau (Ṁ w ∼ 10 −7 M ⊙ yr −1 ) produces relatively dense regions in the Shang et al. (2010) demonstrated that both Xray ionization and high mass-loss rate are crucial to sustain a high collisional excitation rate. In contrast to the strong shock scenario, photoionization by keV photons is the main ionization source (Glassgold et al. 2007) . Only mild shocks with speeds 50 km s −1 are needed in the jet to maintain the temperature and ionization fraction for the formation of optical forbidden emission lines. The observed [Ne iii] λ3869 HVC flux, dereddened using A V = 0.55, corresponds to a luminosity of ∼ 2.7 × 10 28 erg s −1 . The model of Shang et al. (2010) would require an averaged X-ray luminosity L X 10 31 erg s −1 , or about an order of magnitude larger than observed, to explain the [Ne iii] luminosity, for the inferredṀ w . The apparent discrepancy can be accounted for by the fact that the X-ray luminosity adopted in the model refers to the intrinsic, averaged value of X-ray luminosity. The intrinsic X-rays for T Tauri stars with mass accretion rate higher than 10 −8 M ⊙ yr −1 are inferred to be deficient by more than an order of magnitude (Telleschi et al. 2007; Bustamante et al. 2016 ). The averaged value may also be elevated when flares are taken into account.
Stellar flares could produce the required ionizing flux for the observed neon ionization and [Ne iii] λ3869 intensity. X-ray surveys of low-mass young stars in star clusters and associations show that impulsive flares typically occur on a timescale of weeks and rise to average luminosities of ∼ 6×10 30 erg s −1 in a day or two (Wolk et al. 2005) . Larger but rarer flares of ∼ 100 MK with luminosities up to ∼ 10 32 erg s −1 have been observed (Imanishi et al. 2001; Grosso et al. 2004; Favata et al. 2005; Getman et al. 2008a,b) . These strong flares may be associated with reconnections in closed loops of stellar magnetic fields extending to several stellar radii (Favata et al. 2005) . Interactions between the star and its circumstellar disk can also induce reconnections and flares (Shu et al. 1997) .
The flare frequency of DG Tau is poorly known. DG Tau has been observed by Chandra in several short exposures (each ∼ 30 ks) in [2004] [2005] [2006] , and three long exposures (each ∼ 120 ks) in 2010 January (Güdel et al. 2012) . The long exposures captured two flare events within three days with durations of 30 and 50 ks, respectively. The strongest flare on 2010 January 5, just two weeks before our VLT/X-Shooter observation, shows an increase of five times the average luminosity of the X-ray emission at energies above 1 keV. Such a large X-ray luminosity, ∼ 5×10 30 erg s −1 , may contribute a significant fraction of the neon ionization. At densities below the critical density of [Ne iii], frequent X-ray flares could maintain the observed emission measure. Since we do not have a good record of the [Ne iii] flux, further extrapolations and predictions are dangerous.
If neon is ionized primarily by hard X-ray flares, the [Ne iii] emission will peak close to the ionization source, where the ionization rate and collisional excitation rate are the maximum. The line intensity will gradually decrease as the flow propagates due to recombination of the doubly ionized neon. The observed [Ne iii] λ3869 spatial profile along the jet axis is basically consistent with this scenario of ionization and recombination (Figure 6) . In this scenario, how far the doubly ionized neon can extend along the jet depends on how long the ionization remains frozen-in along the flow if no strong secondary ionization source occurs during propagation of the jet. The observed spatial extent of the emission may be compared against the expected extent that is determined by the estimated values of the recombination timescale and the flow timescale. The high-velocity [Ne iii] microjet originates close to the source and extends up to 2 ′′ -3 ′′ . This is among the shortest extent of any of the observed forbidden HVC emission from the DG Tau microjet. The radial velocity of the HVC is ∼ −180 km s −1 . If a line-of-sight inclination of ∼ 40
• is assumed (Eislöffel & Mundt 1998; Schneider et al. 2013a) , the derived proper motion on the plane of sky is 0.
′′ 23 yr
at the distance of 140 pc. If no further ionization occurs in the flow, the neon gas would require a recombination timescale of ∼ 10 yr in order to explain the extended emission. The recombination timescale of [Ne iii], t rec , scales as (n e α(T )) −1 . Using the coefficient Glassgold et al. 2007; Shang et al. 2010) , the recombination timescale is of the order of ∼ 1 yr if T 3 × 10 4 K and n e ≈ 3 × 10 4 cm Coffey et al. 2008; Maurri et al. 2014) . Other sources to maintain the ionization or temperature may be needed to increase the recombination timescale in order to better interpret the observation. The soft X-ray source at 0. ′′ 2 from the star (Güdel et al. 2008; Schneider & Schmitt 2008 ) may alternatively help to maintain the frozen-in ionization of the flow by contributing to jet heating. The hot (T 10 5 K) C iv jet, detected in 2011 somewhat downstream from the soft X-ray source, was considered to be a consequence of the heating (Schneider et al. 2013a,b) . The peak emission is at ∼ −180 km s −1 , consistent with the velocity of HVC [Ne iii] emission obtained ∼ 1 yr earlier. The association of the C iv jet with the [Ne iii] HVC suggests that the lower-temperature emission of the jet may be a continuation of the hot jet. This hot portion of the jet can help drag out the recombination timescale to ∼ 10 yr and may account for the extended emission of the [Ne iii] line. In this scenario, the jet is propagating through the apparently stationary local heating region. The heating can be due either to a jet shock of speed ∼ 450 km s −1 (Günther et al. 2009) or to a recollimation shock of a stellar wind with velocity of ∼ 840 km s −1 obliquely hitting a magnetocentrifugal wind (Günther et al. 2014) . The heating may also produce soft X-ray photons that partially contribute to C iv and [Ne iii] emission. Heating may also come from magnetic recombination of the field lines threading the jet (Schneider et al. 2013a ). Specifically, the magnetic recombination in the jet fields may produce keV photons and provide additional ionization of neon gas in the jet.
For the ionization of the inner microjet, both the mechanisms of strong shocks and hard X-rays have their respective applicabilities and challenges. Shock ionization can account for the neon ionization and the soft Xray emission 0.
′′ 2 from the star if the shock speed reaches ∼ 480 km s −1 . However, the fraction of shock dissipation that matches the X-ray luminosity may be two orders of magnitude lower than that needed to sustain the observed flux of [Ne ii] and [Ne iii] and does not match the [Ne ii]/[Ne iii] ratio predicted in shock models. The hard coronal X-rays from the close vicinity of the star can overcome the threshold energy for neon photoionization, but an elevated average hard X-ray luminosity greater than the observed value would be required to penetrate the outflowing gas for the inferred mass-loss rate. The observed flares from DG Tau can provide the elevated luminosity to fulfill this requirement. We further postulate the source of the flares that can match the requirement in Section 5.
Ionization of the 6.
′′ 5 Knot: Shocks in the Jet?
The [Ne iii] HVC is absent between 3 ′′ and 5. ′′ 5, which is where knot A+B appears. The spatial discontinuity suggests that the physical conditions in the jet become less favorable for formation of the neon line such that the flow timescale cannot compete with the recombination timescale at distances larger than ∼ 3 ′′ . At the outer knot, either the neon gas is reionized to a doubly ionized state or the electron density increases such that the excitation conditions favor [Ne iii] emission, or both. From the PV diagram, the [Ne iii] emission decelerates from ∼ −290 km s −1 at 5. ′′ 5 to ∼ −210 km s −1 at 8 ′′ . When compared with the arcsecondresolution HST/STIS long-slit spectra, this region corresponds to the knots B0 and B1 that also show a clear velocity jump from ∼ −290 km s −1 to ∼ −210 km s −1 . Taking into account for the inclination angle, the velocity jump is ∼ 100 km s −1 , which may be sufficient for in situ neon ionization if the velocity jump is interpreted as a strong shock in the jet flow (Hollenbach & Gorti 2009 ).
The shocks responsible for the neon ionization in the outer knot may also result in the extended X-ray emission of DG Tau. Adjacent to the [Ne iii] knot at ∼ 6.
′′ 5, the X-ray knot is at ∼ 5. ′′ 5 in the 2010 Chandra image. It was discovered at 4.
′′ 3 in 2005, and thus shows a proper motion of ∼ 0.
′′ 27 yr −1 similar to those of other optical and infrared knots (Güdel et al. 2008 (Güdel et al. , 2012 Rodríguez et al. 2012) . Tracing this proper motion back in time, the X-ray knot would have appeared in the ∼ 2.
′′ 4 interknot region between knots A1 and B0 in the 1999 HST/STIS spectra ) and the 1998 CFHT/OASIS spectra (Lavalley-Fouquet et al.
2000)
. Comparisons of the PV diagrams between the 1999 STIS spectra and the 2010 X-Shooter spectra show that the maxima of the velocity centroids have decreased from ∼ −360 km s −1 to ∼ −290 km s −1 , which also coincides with the velocity jump between A1 and B0 ). The interknot region may produce adequate ionization from shocks but the higher densities downstream are more favorable for line production. The velocity difference of ∼ 100 km s −1 would be deprojected to ∼ 130 km s −1 for an inclination i ≈ 38
• . The observed velocity jump appears to be less than the required ∼ 380 km s −1 (Draine & McKee 1993) if shock is the main heating source for the 2.7 MK X-ray knot. A magnetic field carried by the flow may be working to reduce the shock strength and provide additional heating (Güdel et al. 2008) , although the field structures in the flow need further observations and modeling to be confirmed.
TEMPORAL VARIATIONS IN THE HVC OF THE DG TAU JET

The Double Velocity Components of DG Tau
DG Tau is known to have distinct double-peaked velocity profiles in its jet emission (Hartigan et al. 1995) . Solf & Böhm (1993) used long-slit spectra to show the different properties of the two components: a compact LVC at −50 km s −1 appears close to the source, and a HVC at −260 km s −1 is offset from the source by ∼ 0. ′′ 2 and extends beyond 2 ′′ with a lower velocity of ∼ −200 km s −1 . Among the line species detected in the spectra, [O i] λ6300 appears in both components, [N ii] λ6583 is dominant in the HVC, and [S ii] λ6731 is dominant in the LVC. From the 1999 HST/STIS spectra, we again show that both velocity components exist in the first 0.
′′ 7 of the microjet and that different line species dominate in different velocity components. In the near infrared, DG Tau also possesses [Fe ii] 1.644µm emission that can be decomposed into a more compact and transversely broader LVC, and a more extended and transversely narrow HVC (Pyo et al. 2003; Agra-Amboage et al. 2011; White et al. 2014) That the different line species are dominant in different velocity components is often considered to be consistent with an "onion-shaped" outflow structure (Bacciotti et al. 2000; Pyo et al. 2003) . In this scenario, the density and velocity structures, as well as excitation conditions, are layered across the jet axis. The species with higher excitation criteria (e.g., [N ii]) appear in the central region in which the velocity and density are higher, whereas those with lower excitation conditions and lower critical densities (e.g., [S ii]) appear in the outer region with lower velocities. On the other hand, this can also be achieved by a cylindrically stratified wide-angle wind, similar to a steady-state Xwind. As described in Shang et al. (2006 Shang et al. ( , 2010 , the divergent streamlines contribute to the large line widths of the HVC, and axially concentrated density provides the bulk line emission and narrow appearance of the HVC, whereas the ambient material may be mildly shocked to produce the LVC and the even slower molecular layer. For young flat-spectrum stars, the remaining envelope can provide the remnant ambient material. In the cases of DG Tau (Testi et al. 2002) and HL Tau (Cabrit et al. 1996) , a remnant envelope perpendicular to the outflow has been detected, and low-velocity wide-angle H 2 emission encompassing the star and the [Fe ii] jet is found (Takami et al. 2007; Agra-Amboage et al. 2014; White et al. 2014) . Regardless of the interpretations, the emission of the HVC and LVC should be decomposed and separated because of their differences in the line forming regions.
Through Explaining the different HVC centroids among species can be challenging for currently available models based on magnetocentrifugal wind. A steady-state X-wind can successfully describe a predominantly single HVC that is uniform among species, such as in RW Aur A (Liu & Shang 2012) and in the 2010 X-Shooter spectra of DG Tau, but would require more complex ionization and heating profiles for the jet in order to explain the differences shown in the 1999 STIS spectra of DG Tau. The disk-wind model, with a layered velocity structure, also cannot fully address this issue (see, e.g., the similarity of the synthetic [O i] and [S ii] spectra in Rubini et al. 2014) . In either interpretation, the [N ii] line emission traces the innermost dense region close to the jet axis and the velocity centroid represents the flow emanating from the innermost part of the disk. We regard velocity centroids traced by the [N ii] emission as the representative speed of the DG Tau jet in the subsequent discussions on temporal variations of the velocity components.
Temporal Variations of the Double Velocity Components
While they are persistent, both velocity components of the DG Tau jet have varied. The most obvious differences can be seen by comparing the 1999 HST/STIS spectra and the 2010 VLT/X-Shooter spectra. As described above, the HVC centroids identified in the 1999 Post-1999 ejecta, e.g., those corresponding to the inner 3 ′′ region in the 2010 X-Shooter spectra, also show uniform velocity centroids among species, with a median value of ∼ −180 km s −1 . Understanding how the star transitions between these two phases and whether the phase with non-uniform velocity centroids will recur may require spectroscopic monitoring of the DG Tau jet. Variations in the LVC are less obvious. Within the innermost 1 ′′ , the velocities at the two epochs appear consistent.
The comparisons between the 1999 HST/STIS spectra and the 2010 VLT/X-Shooter spectra can be compared by matching their spatial and spectral resolutions. The spectral resolution for both observations is ∼ 65 km s −1 . The main differences are the spatial resolution and the settings of the slit observations. The point spread function (PSF) of the HST optical instruments is defractionlimited to ∼ 0.
′′ 1, whereas that of the VLT is seeinglimited to ∼ 1 ′′ at the time of the observation. The slit widths match the PSF at observations, and the widths of 0.
′′ 1 and 1. ′′ 2 were used for STIS and X-Shooter, respectively. Although spatial resolutions cannot be matched, spatial coverages of the two observations can be kept similar for the analysis. Therefore, the STIS spectra transversely averaged across 0.
′′ 52 were used when comparisons of velocity centroids were made and longitudally averaged line profiles from both spectra were used to compare the overall representative spectral features between the two observational epochs. ′′ 1 to 0. ′′ 7 from the 1999 spectra, corresponding to the innermost microjet. The 2010 line profiles are obtained in two parts, one summing over the "MicroJet" region as the initial microjet in 2010, and another summing over the "InterKnot" region. For the HVC, the portion of the microjet in the 1999 data matches the 2010 "InterKnot" region well in both velocity centroids and positions. This suggests that the initial microjet moves out without much interaction with previous ejecta in this region. For the LVC, the emission is not spatially extended and no clear interknot emission can be detected. The propagation or variation pattern is relatively unclear and does not show clear trends between the two epochs.
From comparisons of the spatial variations of velocity centroids, we conclude that the emission from the innermost microjet is not stationary. The HVC centroids of [N ii] λ6583 have changed from a median value of ∼ −260 km s −1 in 1999 to ∼ −180 km s −1 in the 2010 X-Shooter spectra. The shifted 1999 data points for the microjet match those for the interknot region well in the 2010 X-Shooter data in both velocities and positions. The transitions appear to be smooth, and the matches in kinematic properties of between the two epochs suggest that the flow does not slow down significantly due to interactions with previous ejecta. The properties of both [N ii] and [Ne iii] emission lines in the microjet are consistent with a recombination flow. The [Ne iii] λ3869 spatial profile is consistent with the flow recombining, and then being reionized, before the knot A+B. The average [S ii] λλ6716/6731 ratio increases from 0.5 to 0.8, corresponding to a decrease in n e from ∼ 10 4 to 10 2 cm −3 , at distances from 0. ′′ 5 to 4. ′′ 5, where the knot A+B starts to form with an increase in n e to ∼ 4000 cm −3 . In the next subsection, we suggest a possible mechanism that might cause the decrease in the HVC velocity in the microjet and momentarily account for the dominant initial ionization in the microjet.
Possible Origin of the HVC Variation -Source of
Flares in the System?
Comparison of the line profiles at two different epochs shows an overall decrease in jet speed from 1999 to 2010, without evidence for deceleration by discrete shocks. One possible cause of such a decrease in jet speed is the increase in the launching radius of the jet. Assuming that the terminal speed of the jet is proportional to the Keplerian speed at the launching radius and that the proportion remains the same for the two configurations at different epochs, the ratio of the two velocities (180/260 ≈ 0.69) corresponds to a change in the launching radius by a factor of ∼ 2 ((260/180) 2 ≈ 2.1). At the inclination angle to the DG Tau system, the deprojected flow velocity in 1999 is ∼ 330 km s −1 . As demonstrated in the X-wind sample fits to the jet and counterjet of RW Aur A in Liu & Shang (2012) , the ratio of the terminal wind speed v w to the Keplerian speed at the truncation radius, v x , can range from 1.5 to 3.5, depending on the mass loading in the magnetic field lines of the wind. If v w /v x ∼ 3 is adopted, v x ≈ 110 km s −1 . The estimated stellar mass of DG Tau is 0.7 ± 0.2M ⊙ (see Hartigan et al. 1995; Testi et al. 2002) , and one may derive the truncation radius R x = GM * /v 2 x ≈ 0.05 ± 0.02 au. In this scenario, the change in HVC centroids may correspond to a change in truncation radius from 0.05 au in 1999 to 0.10 au in 2010.
One possible explanation for the increase in the disk truncation radius is an expansion of the stellar magnetosphere, which pushes out the disk. At equilibrium, the inner edge of the disk can corrotate with the star due to regulation by the magnetic field connecting the star and the disk. When the magnetosphere expands, the inner edge of the disk will change from one equilibrium to a new equilibrium position further away from the star with a lower Keplerian speed. During the transition, the angular speed of the star and the inner disk edge may not coincide with each other, i.e., Ω * = Ω x . This may induce magnetic reconnections for the field lines connecting the star to the disk, and a fraction of the energy release may contribute to the hardening of X-rays. In the fluctuating X-wind theory (Shu et al. 1997) , the amount of X-ray luminosity generated through magnetic reconnection is proportional to the square of the (dimensionless) dipole flux Φ dx of order unity and the energy scale for disk accretion,
GM * ṀD Rx
, both computed at the truncation radius. This proportional factor, which may range from 0.1 to 0.01, depends on the fraction of magnetic energy released, aside from that used for particle acceleration, and on the efficiency of energy conversion. Taking the disk accretion rateṀ D to be of the same order as the mass accretion rate onto the starṀ acc , the energy scale for disk accretion is of the order of ∼ 10 33 erg s −1 . The resulting total X-ray luminosity would be of the order of ∼ 10 31 to ∼ 10 32 erg s −1 and is sufficient to power the hard X-ray source close to DG Tau and to account for the ionization for [Ne iii] λ3869 emission in the jet.
6. SUMMARY We have studied the kinematics and ionization properties of the DG Tau jet using archival HST/STIS spectra taken in 1999 January and new VLT/X-Shooter spectra taken 11 years later. For both data sets, we identify an HVC that is spatially extended and connected to outer knots and an LVC that dominates within ±1 ′′ and reappears as the unresolved knots A+B at 6.
′′ 5, but is virtually undetected in knot C at 13
′′ . Both the HVC and LVC of the microjet peak within 0.
′′ 4 of the star. The HVC has a large line width up to ∼ 200 km s −1 close to the source. The intensity of the HVC and LVC is comparable, with a dereddened flux of ∼ 10 −11 erg cm −2 s −1 , assuming A V ≈ 0.55 (Schneider et al. 2013a ). The profile at the knot A+B is singly peaked at ∼ −270 km s −1 , close to the [N ii] HVC centroid in 1999. The flux at this knot is much fainter than the inner microjet by an order of magnitude.
We discuss possible origins of [Ne iii] emission in light of the known X-ray sources in the DG Tau system. Shocks of a few hundred km s −1 suffice to both collisionally ionize neon and heat the gas up to the megakelvin temperatures seen in the soft X-ray source 0.
′′ 2 from DG Tau. However, the same shocks that account for the soft X-ray luminosity (Günther et al. 2009 ) can produce only ∼ 10 −2 of the [Ne ii] flux observed. Soft X-ray irradiation from stationary stellar wind shocks (Günther et al. 2014 ) may partially contribute to the ionization, but is swamped by the extant hard coronal X-ray source. The hard coronal source, with impulsive flares up to ∼ 5 × 10 30 erg s −1 , may be able to account for the observed [Ne iii] flux, although recurring flares are needed to account for the extended emission. Possible soft Xray or magnetic heating that maintains the 10 5 K gas associated with the C iv jet (Schneider et al. 2013a ) may alternatively freeze the ionization in the jet and account for the observed spatial extent of the [Ne iii] microjet. The outer knot A+B may be reionized by a strong shock v shock 100 km s −1 which would re-invigorate the [Ne iii] emission and produce the extended soft X-ray emission.
The 11 year baseline also allows us to examine changes in the velocity structure of the optical forbidden emission lines. The HVC velocity centroids decreased by about 30% over these 11 years, while the LVC was little changed. A possible explanation for the decrease in jet speed is an increase in the truncation radius (as well as the jet launching radius) caused by expansion of the stellar magnetosphere. The change in velocity would correspond to an increase in radius by a factor of ∼ 2, assuming that the overall magnetospheric configuration does not change after expansion. Magnetic reconnection produced during the readjustment of the inner disk radius may provide a sufficiently luminous X-ray source to explain the observed [Ne ii] and [Ne iii] fluxes, but further X-ray and optical spectroscopic observations will be required to test this hypothesis. 
